1 Introduction
The Leadhills Imbricate Zone (LIZ) extends as a 1.8km wide zone to the immediate north of the Leadhills Fault ( Figure 1 ) and is one of the most complex parts of the Northern Belt (Leggett et al., 1979; Armstrong et al., 1999) . The zone is characterised by faulted repetitions of volcanic rocks, cherts, black shales and greywackes (Hepworth, 1981; Hepworth et al., 1982; Leggett, 1978; Leggett and Casey, 1982) . At least some of the greywackes belong in the Kirkcolm Formation (= Abington Formation of Hepworth, 1981; Hepworth et al., 1982) and the black shales are assumed to represent parts of the Moffat Shale Group either below or interbedded within the basal part of the Kirkcolm Formation. Floyd (1996) formalised the dominantly volcanic and chert units of the LIZ as the Raven Gill and Kirkton formations within what he termed the Crawford Group ( Figure 2 ).
RAVEN GILL FORMATION
The Raven Gill Formation was defined, following Hepworth (1981) and Hepworth et al. (1982) , to include the basaltic pillow lavas, basic sheets, brown mudstones and radiolarian cherts at the eponymous type locality. Floyd (1996, p.157 ) noted the Arenig age of the conodonts from the type section in Raven Gill (Oepikodus evae Biozonesee also Lamont and Lindström, 1957; Löfgren, 1978, p.38; Armstrong et al., 1990) but expressed uncertainty as to the unequivocal recognition of the Raven Gill Formation elsewhere along the LIZ. He suggested that the formation name should only be applied to rocks of proven Arenig age and followed Hepworth (1981) in assigning the extensive development of grey and red cherts, red and green siliceous mudstones and lavas in the LIZ to the Kirkton Formation. Floyd (1996) considered the red and green siliceous mudstones described by Hepworth (1981) in Glencaple Burn near the confluence of Raven Gill [NS 9252 1988] as a reference section in the type area. Other reference sections were designated further to the north-east. The rocks of the Raven Gill Formation are also exposed on the hills to the north of Crawford (see Leggett and Casey, 1982, fig. 5) where faulted repetitions of grey radiolarian chert, greywacke and igneous rocks, brown shales and red cherty mudstones occur. The latter unit, now named the Castle Hill Member, has yielded conodonts of the O. evae Biozone (Armstrong and Dean, 1996) . Hepworth (1981) proposed the term 'Kirkton Beds' for the red, green and grey cherts and mudstones presumed to lie between the Raven Gill Formation and the Moffat Shale Group, along the Leadhills Line. Floyd (1996) formalised the unit as the Kirkton Formation and proposed the temporary exposure in the 1976 gas pipeline trench at Abington as the type section. In the type section approximately 70m of chert and siliceous mudstones overlie a lava succession up to 50m thick (Floyd, 1996, p.157) . Further reference sections in Glencaple Burn [NS 9252 1988; Hepworth, 1991] within the type area, Norman Gill Burn [NS 971 241] and Hawkwood Burn [NS 976 254] were also defined. Lamont and Lindström (1957) described Pygodus anserinus from red chert sequences from Norman Gill, Fardingmullach [NS 819 042] and 11km north-west of Thornhill (see also Bergström and Orchard, 1985; Armstrong et al., 1990 and for more recent identifications). Armstrong et al. (1990) described a conodont faunule from Hawkwood Burn, ascribing a Llanvirn age, though largely on negative evidence. Smith (1907) first reported conodonts from the red siliceous mudstones in Morroch Bay [NX 017 524] . Lamont and Lindström (1957) described what would now be called Spinodus spinatus and Periodon aculeatus from red shales at the base of the succession. Lindström (1957) described coniform conodonts and Periodon (probably P. grandis-see Löfgren, 1978, p.75 ) from black shales (Moffat Shale Group) with Climacograptus wilsoni Biozone graptolites (see also Bergström and Orchard, 1985) .
KIRKTON FORMATION
Graptolites of the gracilis Biozone are commonly found in the Glenkiln Shale Formation overlying or tectonically interleaved with the Kirkton Formation (Finney and Bergström, 1976; Floyd, 1996) . The close association of anserinus Biozone conodonts and gracilis Biozone graptolites indicates a Llandeilian -Aurelucian age for the Kirkton Formation in the type area. In the more southerly exposures in Morroch Bay, the red shales and mudstones could also be of this age.
The historic but limited biostratigraphical evidence thus suggests that there is a major stratigraphical gap between the mid-Arenig Raven Gill Formation and latest Llanvirn to early Caradoc Kirkton Formation. Remapping of Sheet 15E (Leadhills) over the last few years has brought to light a number of additional conodont-bearing chert localities that could potentially fill this stratigraphical gap. The aim of this study was to document the new collections and hence extend the limited historic dataset. The existence of a stratigraphical gap spanning much of the Lower Ordovician has significant implications for dating the onset of deposition in the Northern Belt basin and the accretionary prism model for the Southern Uplands. The latter was in part based upon the assumption of stratigraphical continuity from the Arenig to the Silurian (Leggett et al., 1979 ).
Stratigraphical context

SPECIMENS AND CURATION
Specimens were collected in the field and are scattered on the bedding planes of siliceous mudstone, commonly as fragments and occasionally as demineralised moulds. Where original phosphate is preserved, conodonts are black (CAI 5) in colour, indicating heating to a temperature in excess of 300 o C (Epstein et al., 1977) . White specimens could have a CAI of 6 or higher or, more likely, have been altered to clay minerals. The nature of the preservation is such that it is difficult to give specific names to many of the specimens which commonly can only be compared to named species or tentatively identified. Comprehensive faunal lists are presented in Appendix 1 to this report and biostratigraphically useful taxa are illustrated on Plates 1 and 2. Sample numbers are for rock fragments bearing the conodont specimens, each locality thus has multiple sample numbers. Samples are housed in the collections of the British Geological Survey.
CONODONT BIOSTRATIGRAPHY
In the Lower Ordovician, two conodont realms have traditionally been distinguished, the temperate to cool water North Atlantic Realm and the tropical, warm water Midcontinent Realm. The former has been reported from BaltoScandinavia, the Appalachians, South China, South America, the Nevada-Utah region of North America, and northwestern Australia (Bergström, 1990; Bagnoli and Stouge, 1991) . The latter is reported from cratonic North America, north China, eastern Australia and the Siberian Platform (see Ji and Barnes, 1994 for a review). Provincial faunas can be delimited within the two major realms (Bergström and Sweet, 1966; Lindström, 1971; Bergström, 1971 Bergström, , 1973 Sweet and Bergström, 1972; Barnes and Poplawski, 1973) . The Mid-continent Realm includes the Mid-continent and Chinese provinces while the North Atlantic Realm includes the Baltic and Precordillera provinces. Bagnoli and Stouge (1991) differentiated a 'Pandemic Group' of conodonts including Oepikodus and Periodon which preferred cool temperate oceanic water, representing a group of cosmopolitan species. The Pandemic Group appeared on the East European Platform during the evae transgression in the early Arenig (Stouge and Bagnoli, 1988; Nielsen, 1992) . Raven Gill Formation conodonts are referred to the Pandemic Group of the Baltic Province, North Atlantic Realm and compared for biostratigraphical purposes with Lower Ordovician sections from Balto-Scandinavia. Interestingly however, the fauna also contains Bergstroemognathus extensus found in the Lower Ordovician of New York State but absent from Balto-Scandinavia (see below). Rasmussen and Stouge (1995) recognised four conodont biofacies in the Arenig-Llanvirn Stein Formation of the Oslo region. The biofacies from shallow to deep water included the Scalellodus-Microozarkodina Biofacies, the Baltoniodus Biofacies, the Drepanoistodus Biofacies and the Protopanderodus-Periodon Biofacies. Bagnoli and Stouge (1996) proposed an additional Oepikodus Biofacies, defined by the dominance of O. evae and subordinate Periodon, Drepanoistodus, Protopanderodus and Oistodus. They considered this to be a deep-water assemblage typical of slope deposits of palaeocontinental margins (Stouge and Bagnoli, 1990) . The fauna from the Raven Gill Formation is referred to the Oepikodus Biofacies.
3.2.1
Oepikodus evae Biozone fauna
The Raven Gill fauna is dominated by two species Oepikodus evae (eponymous zonal species) and Periodon flabellum (Lindström) with subsidiary numbers of Drepanoistodus forceps (Lindström) , Drepanodus arcuatus Pander, Oistodus lanceolatus Pander, Paroistodus originalis (Sergeeva), Paroistodus proteus (Lindström) , Protopanderodus rectus (Lindström) and Paracordylodus gracilis Lindström. All these species are typical of the O. evae Biozone in Balto-Scandinavia (Lindström, 1960 (Lindström, , 1971 van Wamel, 1974; Stouge and Bagnoli, 1988; Stouge, 1991, 1997; Löfgren, 1978 Löfgren, , 1993 Löfgren, , 1994 . In addition, the fauna contains a single specimen tentatively assigned to Bergstroemognathus extensus Serpagli, a species absent from Balto-Scandinavia but found in coeval strata in New York State (Landing, 1976) . In Balto-Scandinavia, O. evae and P. flabellum first appear in the evae Biozone (Löfgren, 1978) . Löfgren (1993 Löfgren ( , 1994 modified the original biozonation proposed by Lindström (1971) for the region, informally subdividing the evae Biozone into four sub-biozones. The lower evae Subbiozone contains O. evae and reworked and in situ Prioniodus elegans (Löfgren, 1978 (Löfgren, , 1993 (Löfgren, , 1994 Bergström, 1988; Bagnoli and Stouge, 1997) . The lower-middle and middle-upper sub-biozones have the highest diversity of taxa including the zonal index species. In the upper evae Sub-biozone O. evae disappears, leaving an impoverished coniform fauna including species of Protopanderodus, Drepanoistodus and Paroistodus and lacking the zonal index species (Kohut, 1972; Löfgren, 1978 Löfgren, , 1993 Löfgren, , 1994 Bagnoli and Stouge, 1997) . Samples from Glengonnar Water, Glencaple Burn 'A' and the cliff on the east bank of Glencaple Burn contain such a fauna and could conceivably be from the upper evae Biozone.
The evae Biozone has also been reported from cratonic margin sections in North America. Landing (1976) (Serpagli, 1974) appears similar to that from the Deep Kill Shale and Löfgren (1978) compared this directly to the evae Biozone in Balto-Scandinavia.
The conodont fauna from the Raven Gill Formation therefore contains taxa typical of the O. evae Biozone, possibly the lower-middle and middle-upper sub-biozones, indicative of a lower Whitlandian, Arenig age (sensu Fortey et al., 1995) . Samples from Glengonnar Water, Glencaple Burn 'A' and the cliff on the east bank of Glencaple Burn contain an impoverished coniform fauna and lack the zonal index species. These samples could conceivably be from the upper part of the evae Biozone, but still within the lower Whitlandian.
In Britain, the O.evae Biozone is recorded only from the Northern Belt of the Southern Uplands. However, conodonts of an equivalent age were reported from the Dounans Limestone, Highland Border Complex (Ethington and Austin, 1991) . This fauna includes representatives of both the North Atlantic Realm and the American Midcontinent Realm that may have occupied a shelf-margin setting. The presence of Periodon flabellum indicates that the Dounans Limestone can be correlated with the interval of the Ross/Hintze Zone J through lower Zone L. This interval is approximately equivalent to the O. evae and B. triangularis conodont biozones of the North Atlantic Realm (Ethington and Austin, 1991) .
Palaeogeographical reconstructions (Torsvik et al., 1996) indicate that the Highland Border and terranes to the south lay adjacent to Laurentia within tropical latitudes. Though there has been significant tectonic reorganisation within the paratectonic Caledonides during the Grampian and subsequent later Caledonian deformation, it is reasonable to hypothesise that the conodont fauna of the Raven Gill Formation was a deep-water slope assemblage, in part equivalent to that of the Dounans Limestone.
3.2.2
Pygodus anserinus Biozone fauna Samples of P. anserinus Biozone age contain taxa previously recorded from southern Scotland (Armstrong, 1997) . We record P. anserinus in samples from Hunt Law Cleugh previously thought to be Arenig in age.
Conodont biostratigraphy of the newly collected cherts confirms the presence of a major stratigraphical gap within the Crawford Group, the oldest part of the Northern Belt succession. Cherts and volcanics occur at two distinct stratigraphical levels, in the Raven Gill Formation of Whitlandian, low to mid Arenig age, and the LlandeilianAurelucian, late Llanvirn to early Caradoc, Kirkton Formation. The stratigraphical gap is thus equivalent to the upper Arenig to upper Llanvirn (Llandeilian). Armstrong et al. (1999) showed that early to mid Arenig cherts from the Raven Gill Formation have a continental margin rare earth element (REE) geochemistry and that they had not been overthrust by the Ballantrae Ophiolite Complex, which crops out to the immediate north of the Southern Upland Fault. The presence of an O. evae Biofacies conodont assemblage is consistent with the depositional setting predicted by the chert REE geochemistry. The new mapping indicates that the Raven Gill Formation is restricted to the type area around Crawford and that outcrops are largely fault controlled. These observations suggest the possibility that the Raven Gill Formation is a sedimentary mélange or breccia unit, containing large clasts of a mid Arenig continental margin basement, redeposited within the lower Crawford Group.
The Kirkton Formation (and coeval Currarie Formation in the Ballantrae area) crops out in many tracts of the Northern Belt and clearly forms part of an extensive basal unit to the succeeding and prograding greywacke succession. Continental margin REE patterns for cherts within the Kirkton Formation and the presence of conodonts of the Protopanderodus-Periodon Biofacies (Armstrong, 1990 ; this report), indicate that the Northern Belt basin succession was initiated in the latest Llanvirn It represents a deep-water continental margin setting and lay adjacent to the Pomeroy area of Ireland (Scrutton et al., 1999) .
The succeeding greywackes of the Kirkcolm, Portpatrick and Shinnel formations form a continuous southerly prograding succession extending into the Ashgill (Floyd 1996).
Implications
Samples from the Raven Gill Formation, within the Leadhills Imbricate Zone, contain conodonts of the Oepikodus evae Biozone and are of lower Whitlandian, Arenig age (sensu Fortey et al., 1995) . The Raven Gill Formation is restricted to fault bounded exposures in the general vicinity of the type section and probably represents a mélange of late Llanvirn to early Caradoc age. The Kirkton Formation, though lithologically similar, can be distinguished on the presence of Llandeilian-Aurelucian, Caradoc, and P. anserinus Biozone conodonts and forms the basal unit of the Northern Belt succession.
Despite extensive recollecting, no conodonts from the intervening upper Arenig and Llanvirn have been found. It is therefore concluded that a significant stratigraphical gap exists within the Crawford Group. The chert-bearing succession of the Northern Belt of the Southern Uplands thus represents the juxtaposed sedimentary records of two entirely separate basins; the older apparently pre-dates the Grampian assembly of the Laurentian margin whereas the younger Northern Belt basin sensu stricto entirely postdates this event. Periodon sp. Genus et species indet. Periodon flabellum S element 17E99: Periodon flabellum P element -------------------------------------------------------------------------------------------------------------------------------- Lingula sp. Highlighted are the established biozones recognised so far in the radiolarian cherts of the Crawford Group (after Danelian, 1999) . Lithostratigraphical terminology according to Floyd (1996) . Chronostratigraphy and biostratigraphy from Fortey et al. (1995 Pb element, Gripps Shaft, 17E141, x50 6) Pa element, Gripps Shaft, 17E137, x50 11) Pc element, Gripps Shaft, 17E151, x50 S element, Glencaple Burn, 16E862, x50 
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